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ABSTRACT

Moscovian Stage deposits are widespread in Russia. The stage was established
in 1890 by Nikitin. It is subdivised in four horizons: Vereya, Kashira,
Podol’sk and Myachkovo. The subdivisions of the stage are based on studies
of brachipods, foraminifera, conodonts, ammonites, bivalves, rugosans and
plants. In this paper, new data are due to the correction of the standard sec-
tion of the Moscovian Stage and its new interpretation. Cyclostratigraphy
analysis based on the geological history of the region and its eustatics is a new
aspect of the rescarch presented in this paper.

RESUME

Les dépots du Moscovien sont largement répandus en Russie. Cet étage a éié
défini en 1890 par Nikitin. 11 est subdivisé en quatre horizons : Vereya,
Kashira, Podol'sk et Myachkovo. Les subdivisions de I'érage sont fonddes sur
I'étude des brachiopodes, foraminiferes, conodontes, ammonites, bivalves,
rugueux et plantes. Dans cet article, fes nouvelles données proviennent de la
révision de la coupe stundard de I'érage e de ses nouvelles interprérations.
Lanalyse cyclostratigraphique fondée sur [histoire géologique de 1a tégion et
de son eustatisme est un nouvel aspect de la recherche présenté ici.
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The Moscovian Stage deposits as well as the
Middle Carboniferous ones as a whole are wides-
pread in Russia and mineral deposits, including
oil and gas, are rather common in these sedi-
ments. Subdivision and correlation of the
Moscovian polyfacial deposits connected with
different climatic zones (subtropical and boreal)
represent the essential clement of geolagical
mapping and C\plouanon Tendency 1o adequate
reliability, precision of stratigraphic scales and
high degree of carrelations achievement caused
the necessity to reinvestigate of the stage and
substage stratotypes.

The Moscovian Stagc was established by Nikitin
in 1890 in the vicinity of Moscow. The upper
limit of the scage was defined ar the hase of
Gzhelian limestones.

The Moscavian, according to the ideas of Ivanav
(1926) who had estahlished the fundamental
principles of the modern views on the volume of
this stage and its subdivisions based on the stu-
dies of the depositional sequence in the southern
part of the Moscow Syneclise, was subdivided
into four horizons: Vereya, Kashira, Podol’sk and
Myachkovo. The Tegulifera Horizon (the
Kasimovian Stage) was considered ta be a parr of
the Upper Carboniferous. Faunal assernblages of
the Moscovian as a whole, as well as those of its
subdivisions based on studies of brachiopods,
foraminifers, conodonts, ammonites, bivalves,
rugosans, plants, are relatively well known, zonal
scales being established on the hasis of some of
these studied groups. Numerous publications are
devored ro the Moscovian Stage in the type arca,
which mosr impaortant are those by lvanov
(1926), Ivanava & Khvorova (1953). Rauser-
Chernousova ez al. (1951). Some papers are
published during the last 20 years by Shik
(1971), Makhlina (1972, 1976), Makhlina &
Shik (1983), Makhlina ¢t #l (1984), Goreva
(1984), Solavieva (1984, 1986).

New data included in the present paper were
obrained by the correcton of the standard sec-
tion of the Moscovian Stage and its new inter-
pretatlon.

The lower boundary of the Moscovian Srage,
according to the traditional views, coincides with
the lower boundary of the Vereya Horizon.
Changes in the standard section interpretation
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were caused by the discovery of a gap in the stra-
totype section of the Kashira Horizon, where
deposits of the Tsna unit, established by
Solovieva (1984, 1986) in the Tsna River basin
(Ryazan-Saratoy depression) in the eastetn part
of the Moscow Syneclise, arc absent. Cyclostrati-
graphical analysis of the Moscovian Stage based
on the geological history of the region and its
¢ustatic tectonics 15 the new aspect of the rescar-
ch presented in this paper.

‘The Moscavian Stage in the type areéa 1s represen-
ted by marine deposits, e by continuous series
of transgressive deposits (130-150 m thick), in
which sands and clays are gradually replaced by
clayey and pure limestanes, Subhorizonral bed-
ding and cyclicity of deposits give opportunity to
identify and follow up horizons, formations and
relarively small subdivisions (subformarions and
members) in this region, and to identify cycles of
different order.

If the Carbonifcrous system is considered to be a
cycle of the third arder, Middle and Upper
Carboniferous (Pennsylvanian) are cycles of the
fourth otder. The Middle Carboniferous corres-
pands to a tcctono-custaric cycle of the {ifth
ovder, the Moscovian and Kasimovian STages to
cycles of the sixth otder (Table 1). According to
Tikhomirov (1988}, the lateer includes the three
units corresponding, to three phases of the trans-
gression: initial (@), maximum () and terminal,
or regressive phase (Y). Cycles of the sixth order
may he complete or shortened, the former
consisting of three cycles of the seventh order,
the latter of two cycles of the same order, the ini-
ual phase being absent. These cycles could be
followed up in different facies throughout a
region, and cheir formadon corresponds 1o the
maximum tectano-custatic changes of basin
level. The Aza, Vereya and Tsna subdivisions
apparently (.Dtl‘t:S]‘lOllcl to the cycle of the seventh
order, or to the initial phase of the LTansgression
(@) {Table 1). The combined Kashira, Podol'sk
and Myachkove horizons cortespond to the cycle
of the seventh order, or to the maximum phase
of the transgression (B), whereas three horizons
af the Kasimovian Srage of the Upper
Carboniferous correspond 1o a regressive phase
(y). Within the cycles of the seventh order there
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TaeLE 1. — Subdivision of the Moscovician of the Russian Platform,
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are smaller cycles - those of the eighth order, cor-
responding to separate horizons (substages in the
proposed cyclostratigraphic scale, Table 1} and
those of the first order, corresponding to subfor-
mations (horizons in the proposed cyclostrati-
graphic scale, Table 1).

Every stratigraphic unit of any rank can be sub-
divided into two parts: lower. corresponding to
the transgressive phase of sedimentation. and
upper, corresponding 1o the regressive phase.
Contemporaneous stratigraphic units of differenc
facics, which were formed in the paleobasin as a
lateral sequence of rocks reflect, ncar-shore, per-
iferal, shallow-water and relatively deep-water
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environments. Periodicity in the distribution of
faunal assemblages, which always show maxi-
mum diversity in a transgressive part of a cycle
and low djvuslr) in its tegressive part (Makhlina
& Shik 1983), is a characteristic feature of all
simultancously tormed polylacial stratigraphic
units corrcsponding to the cycles (¥igs 1-3).

Boundaries betwcen these units correspond 1o
hlctOr]CO geOlOglCH‘ Chaﬂgcs 0} Scdlﬂ1c“tﬂt|0n
patterns, Ze. to changes in abiotic environment
taking place simulraneously in the wholc region
(Makhlina 1996).

The main criteria for distinguishing and tracing
ol transgressive-regressive cycles in which combi-
nation form stratigraphic units (formations, sub-

237




Makhlina M. Kh., Solovieva M. N. } & GorevaN. V.

formartions) are the following: sedimeniological
and faunistic content, teatures of texture, perio-
dicity in the distribution of all groups of fauna in
the section, as well as biostratigraphical characee-
ristics for the definition of the geotogical age of
the units. 'T'he sufficient methodical significance
of the lithological-palacoecological ¢riteria, ela-
borated by Osipova & Belskaya (1967), should
be emphasized in this respect.

Leaving aside the problem of the lower boundary
of the Moscovian Stage, chat is seill discussed
(Sotovieva 1986; Alckscev e al. 1994), let us give
brief characreristics of the stratotype sections of
the horizons (formations, subformations), 7.¢. of
units of the regional and lacal scales of the
Moscovian Stage, accepted in  Russia
(Anonymous 1988, Table 1).

The Vercya Horizon {(Formation), in order to
reinvestigate the stratotype, was studied near the
village Alyutovo on the right bank of the Pronja
river, where it is lying transgressively on Lower
Carboniferous deposits (Solovieva 1986)
(Fig. 2-1). Red sand and clays, glauconite sand-
stones can be found in the base of the section,
crinoid-bryozoan sandy limestones with forami-
nifers, as well as intertbedding of crinoid lime-
stones, variegated clays, martls with brachiopods
and bryozoans overlying them (lvanova &
Khvorova 1955). The thickness of the formarion
in this section is 10 ni, and in the region it
changes from 10 to 35 m. The Vereya Formation
is subdivided into two subtormations, lower and
upper (Anonymous 1988). Solovieva (1986) pro-
posed the foraminiteral Profusunella cavis,
Aljutovella alfutovica, Al. artificinlis Zone, The
typical assemblage of the Vereya Horizon
(Formarion) is represented by the following spe-
cies of foraminifers: Eostaffelln murabilis,
Schubertella panciseprara, Pseudostaffella subgua-
drata, Profusulinella cavis, I parva, Aljutovella
aljutovica, A. artificialis, A. seelnevatica,
A. enbaea, A. elongata.

Deposits of the Vereya Horizon (Formation) cor-
respond to the conodont Idiagnathoides tibercn-
latus, Id. marginodvsus Zone. Characteristic
species of the zone are Idiognathoides donbassicus,
Id. sinuatus, ld. fossatus. Id. corrugatis,
Idiognathodus incurvus, Neognathodus atokaensis,
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N. bassleri, Diplognathodus coloradoensis,
D. orphanus, Streprognathodus parvus.

According to Solovieva (1984) and Alekseev
(1994), the Vereya Formation sensu Ivanov
(1926) is only characterized by the Alyutovo
fusulinid and conodont assemblages. The over-
lying and underlying Shat and Ordynka mem-
bers (Table 1) do not contain any other faunistic
complex excepr Alyutovo age.

In the standard of the Moscoviun Stage, the posi-
tion above the Veteya Farmation in the case of
normal sequence is occupied by the Tsna unit
distinguished by Solovieva (1984, 19806). In the
stratotype section {Yambirnoye Quarry, Ryazan
region, Fig. L-1I) it is represemcd by interbed-
ding of detriral and dolomitized fine-grained
limestones with greenish clays and marls rarely
with micro-grained dolomites (Fig. 2-11). The
thickness of the subformution in the stratotype is
16.5 m (Table 1; Local Scale, 1988).

Deposits of the Tsna Subformarion correspond
to the Zonc Abjutovellu priscordea, Hemifisulina
volgensis. This typical foraminiferal assemblage,
characterized by a high degree of similanity in all
regions where these depo»trs are represented (the
Russian Platform, the Donets Bastn, the
Cisuralian Depression, Urals, Tien-Shan, erc.),
includes the following species: Schubertella graci-
lis znensis, Sch. galinae, Ozawainella digitalis,
Profusulinella prisca timanica, I' nuvarovensis,
2 jrara, Taitzehoclla prolzbrowtbl. 7 /ngudn/tbm-
U’(/”’, A(]ut()yf[[ﬂ' Pﬂiﬂfl'zTIth)l/[LlZ, /1 mnllvt/uﬂ,
A priscoidea, A. znensis, Hemifusulina dutkevichi,
H. volgensis.
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Fic. 1. — Location map of the stratotype sections (I-X) of the
Moscovian Stage (for the list of the sections, see figures 2, 3}.
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According to the preliminary investigations, the
Tsna Subformation corresponds to the conodont
Neognatbodus bothrops, Streptognathodus transiti-
vus Zone. The Tower boundary is defined by the
entry of Neagnathodus botbrops, the upper one by
the incoming ot Streptognathodus dissecties.
Deposits are characterized by an impaverished
conodont complex. Typical species ace as follows:
Neognathodus bothrops, Streptognathodus parvus,
Idiognathodus delicatus, Id. obliguus, Diplo-
gnathodus coloradoensis.

Deposits of the Tsna Subformation have a spotty
distribution due to the transgressive bedding on
it of the Kashira Horizon that corresponds to the
beginning of maximum transgression (B,

Table 1).

The Nara Subformation is represented by an
interbedding of poorly coloured micrograined
limestones and dolomites with bioderrital lime-
stones and clay seams. The thickness of the
deposits can veach 28 m (Fig. 2-1il). Materials
available give an opportunity o substantiate the
recognition of the local Hemifusuling kashirica,
H. maelleri, Becderna psendoelegans Zone. In the
castern sections of the souchern part of the
Russian Platform therc are numerous Neo-
staffella, Profusulinella psewdolibrovichi, I'r. coli-
brovichi, Ps. syzranica, Pr. mutabilis,
Hemifusulina kashirica, H. pseudobochi, H. mocl-
leri, Beedeina boua, B. ozawai, B. pseudoelegans,
B. cf. provzawai, B. kayi. The Nara Subtormation
cortespouds to the conodont Neoguathodus
bothrops, Streptognailodus dissectus Zoue. It is
characterized by the following species:
Neognathodus bothrops, N. kashiriensis, Str. dissec-
tus, Str. parvus. Diploguathodus coloradvensis is
very commaon.

The overlying Lopasnya Subformation is repre-
sented by interbedding of pinkish and greenish
limestones, detrital, micrograined, with cherts,
variegated marls, more rarely dolomites. Its
thickness is 15-30 m (Fig. 2-1V). The sabforma-
tion corresponds to the local Maellerites lopas-
niensis, Beedeina ozawai, Fusulinella subpulchra
Zone (Solovieva 1986). The following complex
is characteristic: Ozawainella stellae, Fusiella prae-
cursor paraventricosa, I practypiva, Neostaffella
larionovae, Fusulinella subpulclira, Hemifusulina
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moelleri, H. kashirica communis, H. splendida,
Beedeina vzsawal, B. paraozawai, B, pseudoelegans.

The Rostislavl’ member consists of two parts.
The lower one is represented by interbedding of
clays and limestones, or by unfossiliferous clays,
or by dolomitic matls (bed 23, Fig. 2-1V), the
upper one by sands, aleuralites, sandstones and
conglomerate (bed 21, Fig. 2-V). The lower part
corresponds to a regressive phase and terminates
the Lopasnya Subformarion, the upper part,
being the transgressive one, corresponds to the
base of the Smedva Subformadion.

The Smedva Subformation, or according to
Ivanov (1926) “dolomites of Smedva”, contains
micrograined dolomites and detrital Emestones
(Fig. 2-V). It was referred to the Podolsk’
Horizan by Ivanov and Solovieva, many of the
subsequent authors assigned this subformation to
the Kashira Horizon. “Dolomites of Smedva”
represent lagoonal rocks characteristic ofa regres-
sive phase. This environment was unfavorable for
fusulinids. That is why deposits of the Smedva
Subformation are very poorly characterized by
this group of fauna. The Lopasnya and Smedva
subformations correspond to the conodont
Neognathodus medadultimus, Streptognathodus
dissectus Zone, The lower limit of the zone is
defined by the incoming of Neognathodus meda-
dultimus, the upper one by the entry of
N. wedexultimus. Characteristic species are as fol-
lows: M. bothrops. N. medadultimus, N. colom-
biensis, Idiagnathodus obliquus, 1, delicatus,
L robusius, Streptognathodus dissectus, Diplogna-
thedus coloradoensis. This zone can be subdivided
into two local subzoanes, each with a characteris-
tic assemblage: Subzane Neagnathodus bothrops,
N. medadultimus, cortesponding to the Lopasnya
Subformation, and Subzoae N. medexultinaus
corresponding ro the Smedva Subformation. The
volume of the former sub-zone is designated by
the coexistence of N. bothrops and N. medadulti-
mus, the characteristic complex being represented
by N. bothrops, N. medadulsimus, Streprogna-
thodus dissectus, ldiognathodus obliguus. The
volunie of the latter subzone is designared by the
presence of Neognathodus medexultimus, Strepro-
grathodus dissectus, ldiognathodus ebliquus,
1. robustus.
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Fic. 2. — Sections of the Moscovian Stage (Veroya, Tsna and Kashira beds)- |, ouicrops near the Alyutovo village, right bank of the
Pronja River (Solovieva 1986), lectostratotype ol the Vereya Formation; ll, Yambirnoye Quarry near the Yambirnoye village, left bank
of the Tsna River {Solovieva 1986}; the Tsna Sucformation holostratotype: Il outcrops along the Oka, Nara, Protva. Besputa rivers;
section ot the Nara Subtormation of the Kashira Formation (tvanova & Khvmova 1855, fig. 13); IV, ourcrop near 1he Lapino village at
the left bank of the Lopasnya River (near the Kiatun village) {Solovieva 1988); siratotype ol the Lopasnya Subjormaton, tayer 1,
Khatun miember: tayer 23, Roslistavi' member,, the lower part; V. ouicrops along the Cra, Nara, Profva, Besputa fvars, sections of
the Smedva Suntarmation ol the kastita Formation: layer 21, Rostislav] member, the upper pan {lvanova & Khvarova 1955,
fig. 13}).

Legend for hgu(u, 2.2, Dupasits 1-16; 1, imastone; 2. detrital or biomorphic-detrital himestone: 3, sludge limestone; 4. micrograined
limestone; 5, coprofite- dcirlfal lJmestone.G lime sandstone; ¥, dolomite; &, migrograined dolomyite; 9, clayey limestone! 10, marl; 11,
clayey do!ormte 12, dolormite marl; 13, dolomrized imestone; 14, Time and dotomite ciay: 15, sand snl, sandsione; 18, Iragments of
chert and limestone. Fossils 17-29, 17, foraminifers; 18, brachiopods, 19, solttary corals: 20, colonial corals; 21, bivalves, 22, gastro-
pods: 23, bfyozoans: 24, fishes; 25, crinoids; 26, echincids; 27, algae: 28, algae Ivanovia tenuissima; 29, traces of mud-eaters;
Secondary alterations, structure and other signs 30-35; 30, cherts: 31, caverns; 32, stylivlites; 33. cross-bedding: 34, limestone brec-
cia; 35, gap.

The Podol’sk Horizon (Formation), a maximum  represented mainly by biomorphic limestones
phase of the Moscovian transgression (B,), is with seams of micrograined dolomites, greenish
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marl and clays; the total thickness is 25-40 m. complex is as {ollows: Ozawainella kurakhovensis,
Three subformations can be identified within ~ Neastaffellu rostovzevi, N. sphaervidea, Taitzeheella
this formation. librovitehi atelica, Fusulinella colaniae, Hemi-
Sfusulina splendida, Beedeina elegans, B. ozawai,

The lower one (Vaskino Subformation) is repre- Y 4 ! 2
( ) P B. elshanica vaskinensis, Putrella triangula.

sented by micrograined limestones and dolo-
mites with biomorphic-detrital limesione seams;  The overlying Ulitino Subformation is similar to
the thickness is 7-12 m (Fig. 3-V1). At the base, the Vaskino in the sedimentological aspect but
there are conglomerates and marls that could be  differs in the presence of limestone seams with
traced regionally. The Vas'kino Subformation the algae Jvanovia tenuissima. The thickness of
corresponds to the fusulinid Fussdinellr colaniar,  the deposits is 12-18 m (Fig. 3-VII). The sub-
Beedeina elegans Zone. The characteristic  formation corresponds to the local Fusulinella
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FiG. 3. — Sactions of the Moscow Stage {Padoi'sk, Myachkovo horizons); VI, sactions i the hasin of Ihg Oka Tliver east of the
Kashira tawn, near Bolshoye Runo village, pogost Rostislavl’, and near Vaskino village: raction of the Vaskino Subtormation of the
Podol'sk Formration (Ilvanovan & Khvorova 1455, fig 20). VI, Quany near the lawn Fodor'sk; stratotyps of the Potiol'sk Formation
{Ulino Sublormialion) (Ivanova & Khvurova 1955, fig. 23): Vi Ouatry near the lown Padal'sk, stratotyps o1 e Podol'ek Formation
(Shehurovo Sublormation) (vanova & Kkvorova 19455, 1ig 23), 41X, Quairy negr the tawn Podol sk hvpostratatype of the Noviinskoe
Subformation of the: Myachkave Formation (ivanovar 8 Khvorova 1955, fig, 23); X, Atsnusiovo Quarry near the Atanasiavo viltage an
tha nght bank of the Moskve River, &uction uf the Myachkove-Krevyaking boundary layers (Middia/l ippar Carbionilemus boundary);
fayer 6, “lowet conglumerate®; tayer 7, "dolomite of Turanvo”; tayer 8, “gamasha’. lsyer §. “sharsha”; layer 10,."Upper canglome-
rate”, Hypostratotype of the Peski Subformation of the Myachkovo Formation; it is near Peski railway station, on the left bank of the
Moskva River (Makhlina et al. 1972, 1984).
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vozghalensis, Fusulina litinensis Zone, the follo-
wing complex being considered as a eharueteris-
tic one: Fusiella pulchella, Neosiaffellu ozawai,
Ozawainella mosquensis, Fusulinells vozbgalensis,
Hemifusulina stabilis, H. polasnensis, Fusulina
ulitinensss, F. panconensis, Putrella brazhnikovae.

The uppermost part of the Podol'sk Formation is
identified as the Shchurove Subformation repre-
sented by dolomites, biomorphic limestones with
greenish marl and clayey limestone seams.
Limestones are often dolomitzed and siliceous.
The thickness of the deposits is 8-12 m
(Fig. 3-VIII). The Shehurovo Subtormation car-
responds to Beedeina kainensis, Pusrella byazhii-
kovae, Ozawainelly masquensis Zane with

accompanying characteristic complex of

Fusulinella bocki, £ vozghulénsis,
B. shelhoient, B. elshanica.

Deposits of the Podol'sk Horizon correspond to
the conodant Neognathodus medexultimus,
ldiognuthodus podolekensic Zone, The lower limit
of the zone is defined by the enty of these two
species, the upper one by the incoming of
Neogmzt/)or/m roundyi. The conodont Lomplcx as
a whole is not characteristic enough, the talla-
wing species being typical: Idiognathodus podol-
skensis, I. magnificus, I. delicatus, Neognatlodus
medadultimus, N. medexultimus,

B. elegans,

The Myaehkovo Horizon (Formation) accom-
plishes the maximum phase of the Moscovian
transgression ((3). [t is represented by biomor-
phic limestones with micrograined dolomite
seams and lighwoloured marl lenses. The total
thickness of the deposits is 17-37 m. The forma-
tion is divided into two subfotmariuns.

The lower ane, Novlinskoe Subformation, is
represented by various limestones (detrital, bio-
morphic-detrital) with micrograinad limestone
and dolomite seams, coral-fusulinid limestones
being typical of its lower pare (Fig. 3-1X). The
thickness of the deposus is 10-23 m. Deposiis of
the subformation correspond o Fusylinella bocki,
E rara, Beedeina samarica Zone, The characteris-
tic compkx includes Schubertella myachkovensis,
Fusiella typica, Neostaffella paradoxa, N. sp/memz-
dea, Fusulinella bocki, E bocki pauciseprata,

F ﬂuxa, E maosquensis, F rara, Beedeina samarica,
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Pulchretla pulchra, Hemifusilina bocki, H. stabilss,

Fusulina cylindrica.

The upper one, Peski Subformation, is represen-
ted by biomorphic-detrital limestone with lenses
of lightcoloured marls and clays. “Turaevo”
micrograined dolomite at the top accomplishes
the maximum phase of the Moscovian transgres-
sion. The thickness of the deposits is 7-15 m
(Fig. 3-X). Deposits of the Peski Subformation
correspond to the local Fusulinglla podolskensis,
E eylindvica demodedovi Zone, The data avai-
lable, especially those concerning fusulinid distri-
bution (Makhlina er 2l 1972) give an op-
partunity to indicate complex typical of the
depaosits of the Peski Subformation: Schubertella
mjachkovensis, Qzawainelln  mosquensis,
Fusulinellu bocki, F iara, F podolskensis, I bele-
nae, £ mosquensis, I humpeani, Hemifusulina
bocki, Fusulina cylindrica domodedovi. F mos-
quensis, E mjuchkovensis, £ pachrensis, I fortissi-
.

The Myachkove Horizon (Formation) corres-
ponds to the conodont Neagnathoelus roundyi,
Streprognathodus cancellosus Zone. The lower
fimit of the zone is defined by the entry of
Neognarbodus inacuqualis, N. roundyi, the upper
one by the incoming of S. subexcelsus,
Idiognarhodus fisheri and by the disappearance of
Neognatbodus species, Index species are domina-
ting in this complex, N, medexultinms, N, inae-
quales, ddiognathndus delicatus, 1 triganolobatus
heing charactenstic ones. The zone is subdivided
into two parts considered nowadays  be local
subzones. The Novlinskoe Subformation corres-
ponds to the Neognathodus inaequales Subzone,
charaeterized by the aeme of the index species.
The Peski Subformation carresponds to the
N. roundyi Subzone, i.e. to the period of
N. roundyi mass development and incoming of
N. dilntatus and Idiognathodus irigonolobatus.

The position of the upper boundary of the
Mascovian Stage, i.e. the Middle/Upper
Carboniferous, is still discussed at present time.
“This houndary was established by Ivanov 1926)
in outcrops and quarries along the Moskva river
and its triburaries (in Myachkovo, Suvorova
Gora, Krevyakino and other localities). All these
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localities are connected tw a separate synsediment-
ary clevation in the Moscow zone of ¢levations
and are characterized by varying facies of the
boundary beds, as well as by numerous erosional
surfaces with an intraformational conglomerate
interbed. Some marker beds traced by Ivanov
(19206) in the boundary beds in this region ot
their own names: bed 7 - “svinya’, or “dolomite
of Turaevo” (Makhlina er /. 1972) (Fig. 3-X) -
lightgreen argillaceous micrograined dolomite;
bed 8 - “gamnasha” - interbedding of green, red
clays and marls, limestones, sometimes with
conglomerate interbeds. In some secrions, this
member is tepliced by dolomitic marls and argil-
laceous limestones (Fig. 3-X): bed 9 - “sharsha” -
white micrograined nenhomogeneous “conglo-
merate-like” limestone with caverns.

The position of the wupper boundary of the
Moscovian Stage, according to the conclusions
based on brachiopods and foraminifera studies, is
changing within the interval from “the lower
conglomerate to the base of the upper conglome-
rate”, i.e. within the interval from bed 6 to
bed 10 on Fig. 2-X (Ivanov 19265 Ivanova &
Khvorova 1955; Bolkhovitinova 1937; Rauser-
Chernousovia & Reitlinger 1954; Makhlina et al.
1972). Further studies of the lower conglomerute
interbed (bed 6 on Fig- 3-X) underlying “dolo-
mite of Turaevo" showed that this conglomerate
was from intraformational origin and not of inter-
stagial one, because all these interbeds contained
fusalinids of Fusilina cplindriea Zone, indicating
the Myachkovo (Peski Subformation) age of the
“lower conglomerate” (Makhlina e 2l 1972).

The complex of foraminifers above the “dolomite
of Turaeva” (in beds 8-9, ie in “garnasha” and
“sharsha”) is represented by numerous small fora-
minifers and fusulinids with a wide verrical dis-
tribution, Ozawainella angulata, G lobivalplina
ex gr. granuloca, Schubertella mjachkovensis,
Endothyra sp. among them. Recently, few oppres-
sed Obsoletes obsoletes were found in these beds.
Mass Obsaletes enter above the bed 9 (“sharsha™).
Therefore, we draw 1he boundary between rhe
Myachkovo and the Krevyakino horizons {i.c. the
Middte/ Upper Carboniferous boundary) at the
top of the "dolomite of Turaevo” (bed 7 on
Fig. 3-X) between the two conglomerates, the
lower one and the upper one.
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Conodout distribution in the boundary beds
demonstrates that the “garnasha’™“sharsha’ beds
should be assigned to the Kasimovian stage, f.e
to rhe local Subzone Mdiognathodus arendti of the
Streptognathodus oppletus Zone (the Krevyaking
Horizon). The lower limit of the subzone is defi-
ned by the incoming of /disgnathodies arenddi,
1. frsheri. Stréprognathods subexrelsus, S. oppletus,
the upper one by the entry of S. sagirtalis and the
disappearance of Idiagnathodus trigonolobutus.
Characteristic  species arc as follows:
Streptognathadus subexcelsus, S. oppletus, S. excel-
sus, S. cancellosus, ldiognathodus trigonolobazus,
. fisheri, I. arendt.

The upper boundary of the Myachkovo Horizon
(Formarion), established on the basis of cyclo-
stratigraphic analysis at the rop of the “dolomite
of Turaevo”, is prm'cd not only by faunal distri-
bution data but by also sedimentological and
geochemical data. Bed-hy-bed compatison of
detrjtal limestone microstructures on the
Myachk()m Krevyakino boundary demonstrates
that in the former cloddy pelletal cement strue-
tures dominate, whereas in the latter (the

Suvorovo and Voskresensk subformarions)

micrograined oncs dominate. Comparison of the
geochemical coefficients in the boundary beds
also demonstrates che difference in the quantita-
tive content of microelements: in carbonate
rocks and in clays and marls in the Novlinskoe
and Peski subformations, it is respectively 10 and
2000 times more, than in similar rocks of the
Suvorovo and Voskresensk subformacons. This
level, therefore, designates the end of the
Moscovian transgression maximum phase (B ;)
and the beginning of a regressive phase (). It
corresponds to the Kasimovian time, characteti-
zed by the terrigenous supply with the micro-
elemental content, different front the Moscovian,
by facies variability in the zone of synsediment-
ary elevations, followed by the erosion and pre-
vailing of unfavorable environments for many
groups of fauna, particularly foraminifers
(Makhlina 1976; Makhlina er 4l. 1972).

Based on the data obtained from cyclostrati-
gtaphical analysis of the Middle/Upper
Carboniferous deposits in the type area, onc may
conclude thar the Kasimovian/Gzhelian bounda-
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ry was more significant than the Moscovian/
Kasimovian one, because the Kasimovian Stage
represented the terminal phase of the Moscovian
transgression, wheteas the Gzhelian Stage corres-
ponded to the maximumn phase of the following,
the Gzhelian/Asselian transgression (both the
Moscovian and the Gzhelian/Asselian transgres-
sions represent cycles of the sixth order), This
cyclostratigraphical boundary supports the views
of Nikitin {1890), who proposed to draw the
boundary berween the "Moscow Series” and the
Gzhelian Stage below the limestones of Gzhel.
Taking into account everything mentioned
above, one may come to the conclusion that
almost each of the subdivisions of Kashira,
Podolsk and Myachkove horizons (formations)
are characierized by zonal conodont and fusuli-
nid assemblages, and can be waced in ditferent
facies all over rhe major part of the Moscow
Syneclise and other regions of the Russian
Platform, and also outside of it. [t gives the
opportunity to rais¢ the rank of these subdivi-
sions and to regard them as the horizons (cycles
of the eighth order) of the Russian Platform
Regional Scale (Table 1). We believe also that the
harizons established hy Ivanov in 1926 (rhe
Vereya, Kashira, Podol'sk and Myachkovo -
cycles of the cighth order) correspond to stages,
as it has been demonstrated by Ivanova in 1955
and proved by numerous data, obtained during
the following ycars. However. in May 1995, the
Interdepart-mental Stratigraphic Committee of
Russia decided to consider horizons of rhe
Moscovian Stage of the Global Scale as subsrages
with their own names. As to the Tsna
Subformation, the problem of its rank still
remains debatable (should it be a horizon or a
substage?). Solovieva considered the Tsna beds to
be of a stage rank. Tt cun be traced in the Russian
Platform, as well as in. Tien-Shan, Donets Basin,
Urals and other regions.
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